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Description 

[0001) Tlie present Invention relates to detecttpn 
methods and devices for use In a dm^riunitorji^te^^ 
municailon between a sender and a receiver In accord- 
ance wfth pred^jmnlneil prqitpcol, 
where said oomrnunication prbtbcbi prescribes that tti^ 
sender in e communication cAvides an amount of data 
to be sent Into one or more data units, and the receiver 
in said communication aclcnowledges the correct receipt 
of data units by returning aclcnowledgmenl data units to 
the sender. 

[pbttilZ) Data unit orierited cbmmuhid^ph' fa^^^^ 
Icnown. In data unit oriented communfca^on ah^i|^ 
or data is divided into one or ir^e c||i^ MHiitf i 
stnjcture of the dataunits is defined by a conimM^^^ 
protocol to which the sender enc^ re^>i^r ij:i the cbnv 
munlcetion adhere. The protocol also di^h^ how spe- 
cific informailoq isu^becod^, i^n<^^^:t^^^^ 
or receiver may react to^p^lhc^^^^ 
oriented conimunieatlori is also Iton^^in ^^ls .jpack|^t- ex- 
change communication. It shouldbi^r^pj^efl.t^^^^ tijie ^ta 
units used in connectipn with speotfie prbtcxkiiB have dtf> 
ferent names, such as packets, frames, segmen;^ etp. 
For the purpose of th^ p res|9j^t dej^ 
ta unif jBh.^li gert^ri^a^ily r^eir to, ail j^^^^ 
in a data unit orientidd comrnun)iaetl^ ^.|v' . ' 

{0003] A feature that meny commtiftk^ation prtiiocols 
use for IhcredSinjg reiieiblllty la that df ^khoWl^ihg re- 
cehred data, More specifteaify. asenderorsendrng peer 
of the given protocol sends out data units, and the re- 
ceWeror receiving peer of the given protocol acknowl- 
edges the correct receipt by..:rptumlng appropriate ac- 
knowledgment data units/ in this way, the sending peer 
la Informed that the date! unite thfat were sent were also 
correctly received, and can acc^rdlrgty adjust the ftow 
corrtrol of the further data units to4» 8entr An example 
of a protocol thai uaea acknowledgment data units is the 
so-called transmission control protocpl CTCP), :Which is 
a part of the TCR/iP protoodi suite, j:;. ! v . jv v 
[0004] The transmisaion corrtrol prbtoiioii and the 
TCP/IP protocol suite are e.g. weK described in TTCP/ 
IP Illustrated, Volurhe 1 - The f^notocols* W; fVchard 
Stevens, Addlson-Wtesloy, 1 994i ^ .'il-^- : ^ 
(0005] In ordief to cope with the feic^ th^t dat^ unite or 
acknowledgment data units may be k>st, a time-out fee- 
ture is provided in many protocols. Such a tlmen^ut Tea- 
tune means that a time-out period is set when data Is 
sent, and if thespf^ific data he^ ndt bi^enj^ijtnf^edged 
by the time the tim^Ut period e^cpirps; a tiifneKdut re- 
sponse procedure 48 started. In TCP. the tirne-out re* 
sponsedbneists in^ retransmitting ttie data that was not 
acknpwl9dged,;8ndire^#tdng one or rrtore flow control 
param^ertr 

[0006} As an example, TCP uses a window-based 
flow control. TCP Is a byte oriented protocol that divides 
a given number of bytes to be sent lf)to so-called seg*- 
mems, and a record of the sent data is kept In temns of 



bytes. I.e. up to which byte the data Wiaa ;senl, and a 
recorci offli^fWeiived d^s is%ts6 keptin ^^jfms'of bytes, 
i.e. uptovrtilchbytethedatawaa received. The simplest 
; yyi»i^ bf;ii^^F6|||h|s th^ flow of segments in connection 
with acknowiedgmer^t messages wcukJ be to send a 
segment and not send the r>ext segment untii the seg- 
ment last sent wa8.ackr?owl9dged. Such a^tnethod of 
flow control would however not be very efficient. As al- 
ready mendoned^T<5P,uses window-based fk>Wf control. 
fo which is also ref ened to as f k2w control according to slid- 
ing windows. This concept^is al$0^ well descrft>ed in the 
above menllOT^^ 

10007] ;"Fig. '2 lilust^^^ Jlje concept .of sjidlng win- 
: .,jd0¥ys.;iA^^<^ 
' be sertt in tbe exampMe, where thtsiemquntvls divided 
into S segments. The sending of segments is controlled 
in accordance wtth the senp \^rido^, V|fh era me left end 
of the send window Is defined by the ciata In the seg- 
,,meritef^tha)|^hav^ 
so iiitlieexarnple</hg.^^^^^^^ 

I.e. the segments 1 and 2,^rNi,^^ the length 

of the sefid window, and ttieraby the light end of the wln- 

dov^ % jB^ iTiBd^Qj;; cf ih^^ 

be explained in detail h 

[OOOS] The send window, d^qes the ampunt of data 
whk:h may have Its corresponding acknowlec^rrient 
outstanding, in the example of Pig. 2, the data up to 4- 
; 096 bytes, I.e, aagments 3 and 4 have been sent and 
not yet'adkhowiiled^^ such 

SO sent and riot^e^ridviric^ and i^ie light end 

of the send wjndow defines the ussbie window, Le. the 
date thikt nriky fkilk be a6hir^it>irdurh^ rteehred any 
fdrth^r'4d(hbWleaghhi!Rrito c'ohsequiiir^e; ihllriie ex- 
. ahSpWoT Rg.'2 segrtfdf^^^ rhiay stili-be seni. but 

33 seg^nt^Tliiid dcsjN^^ tie'e ant ff the w{ndo\Xrmbve$ 
td the rights Which hap^ns'if ifurthsr ^egnherits iai^^^ 
khbwJedged iti^ih^thal ' left ehd mbvi* tb the rtgh t 
and/6ir•1^*S=Tength• t)f ^* 

[0009^ Piftlh€irhndh»,'lt ihi>ydbe hdtedihat tCP pio^ 
40 yldes for ycurvfula^ le. thefe is hot 

a'dne^t6^6cbrres^ and 
abkhdWledsH^e Hta forie^ 

edgmeht message may cover a pluralty of segments. 
As an example, the receiving peer for the data amount 

49 8hpwn In Fig. 2 could send an acknowledgment of bytes 
up to 4.096r such that this acknowledgment message 
would coyer both segmente 3 and 4. 
[0010] The send window used by thesendlng peer will 
typlcaRy be determined by the so-called cfTered or ad- 

so verttsed window, which Is a data length provided to the 
sending peer tiy the receiving peer. In this way. the re- 
ceiyfng peer ban Influeiioe how many segments the 
sending peer will send at a tfcne, and typically the ad- 
vertised window wid be calculated on the baste of the 

^ redelving peers receh^e buffer. Also, the advertised win- 
dow is a dynamk: parameter that may be changed with 
every acknowledgment seht by the receiving peer. 
[0011] Beyond the advertised window, it is also known 
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to define the^p-calle^ C9ps^ljGn«wjndgW,.yyhk^^^^ 

Iri connecllon wWi akvpr^hm^^^n cohXrol roj^pz. 

m|t.«fD0J^t;^(Q!yery»i^ the 9.!x>v,9'jinQn:, 

t ion^cl :l>y :B)chard ,^^K€t.9^.' ^^Tha cpii9e.^i.pQ: s 
vyif:idow:to..;a rpcorql tii«^ |h#.90ii(dlng.p.^r^«9^^^ 

{OChis} Ih a general eenee, the congestion twrtndc^ 
an .ejicarnple 9r..aei-e(^ 

ret^cMM^it^inflJ;^? 
Biid.thj&r^^i^«By«j?d;t^^ 

wattarfprth^ ^cki)ipw^^0m,9nl^'.:^(^ netrah^ined^ed- 

tttWfl' ; : Anoll^ »pf ai?wadaptiy(at:f|;^^^ 

p.ar^^r:Js,tNa-ti^^^ qi94»9rW.^icl3i«9^:'Jnrt]C;^^, 
la n^ferrei^vlpt^rRrp^^ 

a ^taia<:fp9a dflftec?loii,jT)e^§|^^ sp. 
tej^fonmechOT 

t ranamiasion ot d^a uQjtao)^^ rttif ^r^r, . 

celpj^-pf ^MfiPf^I^ »a!pi?w|aiaQr^nt8,^^:l^ 

.>ia:air9:a<^ (§M;.%g.;|j|9.^l),5^jipt?i 

tip.nftrtippIj9r?fWl5^ 

the T^jsiylog- p^9rfi!tipi;rot^i9<i ^d^^aclqiin^ 
C0|1^.J3 ci^t^^ up ipai ^$(en l?jirti^a j^jeri^qatiun^ 

of J5on.«ec^|jv??.a^meril^^^^^ ltiBicp«?$B.t{;»^4?^^ ^ 
Inihf^i^^ if .afjgm<^r^ ,MP/^tC!! 

ment.&. if jt|*jf ?i./rfK3,^ 

f a)»(nt4!K$)n%^^4^^ ^egm.9htpi}6.:t^dj)rit^^^^ 
tin.iie^-t%^f|3wt5^^ • 

duplic^taiBcKno^rtgrTOnt^^ 7jC^tfaiijiB%u 
nienjqf Jn ;a;uph.a^¥»(^ 

tliij»,^^mbj?r!:Pf.^^^ ! 

taln4i?!:e«iht^W,ya^^ 

urfjitne)ctJn,thj^4^ 

pilcate acknpwWsmei1^/l^^ 

prove the pomi^UQlq^b^^^ Jp;fi^,8ye^8|^4|i^^ $ 
nicet^na ptoiiDpf}^^ of 
aent dat9 anf^.apecjfla&.a.d^ l^q^^ ^aljsiii^^ fvaplLpiri, 



auchtaa a Jnr>e-xwt:tun(^^Qn..or;fl d 

q(ifCit|^pqnae;furic|k34^->^-; ;:r/- 

[0018] v; Tbt8<|bie<^ aphieyed l?y;<;lidfte^Qn 

and ^^viQ^.jt^jit aravf u tlab^. for >d.Qtf9!Ptlng lelhethsr an 

ao!!(riowi0^g(Ti$n(^a i^nt^neeialved aeender.corrB>* 

aporicla^tbjn pttdtnal^^^^ «r^ fetranemiaalQn, 

a?rdeaprth"e<^Jnj<^aliri?>.-1f 5r,d9:va.rKt.-11 . c -w •:• . • 

{OQi 9} J Imac^^eRcat wtt^^^u^^pllpatiori> pf lha datdo^ 

tlort-mat^pd of t]^ecf>Fp&QntHo^fantlonr a aenderin a^onn- 

ap!^inaft:t9,^jav?pilt; Ihat^^ a^dala Ipa^ ^leteptjpn 

mipaKapiarpi wt^^fjetha ta^apdnse jairocadiira eonipr^a 

at-.4^| :tijifa d^t^m^r^ adaj^jiye 

parBnrfetera uaed In flovy contrcli In ttito^iAi^ay ttie^inat^od. 

arK^4^|i^:jQt<tr).e pi^ertUmfanitlon 

thQir<rTiai:!ii^g^^:p^triigae^ 

cjfia^;i^p Iniplernanfted^^^ 

pr^^ura^s^^fb^^paQAidia 

gal j^au^:D^^..uigger)j^g {0Ke9t>.auG]ti:i?iat:tf)a correct 

rssppni^tv^^fpaai^^fe^ 1^. « :igtyBp . altual^pci jriay . Jn- 

vx)|k(e«t af^^9fat>yineM 

actu ally aggravate attuatlpna that may occur aftara data ■ 

l9e€^-d^0cti5Dtp.^j^^ V 

iQsje icIi^jte^^Mort fri^cijanlf m |a.a moph- 
an|6n[i!^ajti)j9^;^abfa of^ii9fcafl|l.ngaxtata4aaa|^.E^ 
ana-i^ tiivii9-jnnirhB(^Qi^^^^ ^vdupileate ;aal$rM^^ 
nrionVni!^Nu^ja;3fX^:i^^t^ th9;h:i|Ma{itl^ ap^ 
pjl!9d4q^ any wltabja^dote k>ai da^japtlpri-roedw^^ 
{0021 ] A responae prooedura rnay .^^pi^;at least 
iwft4lfl^i^t-n>9<^^ th« aPteptive^ai?^^ 

ter^ ua^d ljr> ^arripfa^. lhare a,ra two 

n^od^a, vyhlQlii ar^ir^pa^ dlflfaj^nl 
cauaea of a time-out or a predetermined nurntMr of dii» 
pilcate acknowledgments (e.g. the above mentionad3). 
Mpre,^5pe.qtlfi,9a(ly„^ f lj!5t.m©^a;l.5 jftjsspqlal^. 
q^,€L:jimimfk:^J^Mi^ 9ecqi^cj^^OT<^jde )a:^a«Qciatad with 
anexceaaive delay along thp:fPpffttedtipj>; D^^^ use 
of two dlffererii mbdaa, it fa poaalble to adapt the param- 
eters af.ja^^pprqprlat^.:^^^^^^ 

duplicate; :i^f>oy(l^?dgr!^|b!ta>>A^ l*«,flow con- 
trol procedurs wili contain one or rnoii^ evaluation and 
judgn^e|)|^fitpp^,t In .wfiljph jMl^a t^ggiM^^ la qufjlh 

fled, e.g. a catagoriza^r>/ ta\c.o,lKj wttat 
cauaed the event. Then, depending on the leault of thia 
cTiiSLiaci^^ttjsa^ appirpj^rtmja^map^rtae^ procedure 
riji^y M aaft!W^A>l iir-m^ gbosfp example. 

If it ledeteo^n^d acknowl- 
edgmenta are deuaad by the loas of a dat«|:iinlt,: then the 
known reaponae prdcedure to the loaa of data .unlta may 

edwrc^ ttJaVrftt^y^tlnrieM?^^ Qf.^g iiTspofpt o|rfleveral du- 



un|t<:,irh(qre^r:<hqu^ nruide, and jjf It.-ls .de* 

.te^lne<*^ftijaMha/,:tJr^^ actaipiftledg- 

nPie|i|8^?3p:^,^Via^^ 

r^€^eB> i^i^$;poaa$^(!9 ;dc(^ 

(vt^.^l^i^>'>f^l! }yp^il)^^!?a:^^r«! raaporisa 

pi^ise^^dMl^lVt'^olP^^^ . 
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[0022] Mora ^peclffcAlly,- fift -v^fl also be explainad in 
more detail in thefollowlngi the Jodgrnerit that data vr\m 
have bden lost will be anawerad by redUclffg the ititib'i 
mieeioifimte to ther^ avoid further cbng)&&li&ri?Oh Ijhe 
other hand.' if there is e36^shire delay aloii^ thereon- 
/lec^dn, then the-m'easarefa taken in response to is sup- 
posed lo88of data units wouki n6tb€'he1pful, much rath- 
er tJiey might actuaUy aggravate the- probleni eluding 
the excessive delay. Censeqijefrtly, ihe r^:spidiise pro- 
cedure to exeesslvedelay Wilt'typlcnaliy be dlffe/i^t;^^^ 
e .g. comprise keeping the transMDlssion r&te ai the pre- 
vious level, but on the other hand increesing the tfme^ 
oiJt p45rk)di 'such thet further unnedess^iry retfaiisrhls^ 
slon$ ^ife^vdlded. " • • * • '^^ ■ •>'••>■•• 

[0023] Nati:irBily. the ahiappllcsftloTi bf ^he detdbttbh 
methiSd 'ot the preaient ltivehtloiTi' May be impldhienlted 
a8 pnovidi ng a ri erbltrary number of rhodes or re'sporiBe 
prbeedures to vartoill^ causes Of triggerfrtg events. The 
number of mbdes ehd the specinc tfneiaSures tai^Vi In 
each mode natufi^ly depend on-1he specific slta^lori, i. 
e. the choiseh protocol, the gh^en^ communication sltueH* 

tlonrtotc. ^ '■ '• ■ . . ■■ ^. ■ .<j:y- 

[0024] An importAht aspeot is'that alflYodghnhe data 
lote ddteotlon meohBnitfnnlla»^eble of det£;tlng ^latB- 
toes, the reaisMort^tdllha lrij^e^r)£| ef the dfl^tS'^loSli de^ 
tecUbh- mfchantsm'^oee not;esi«um^ thgt ii 
has Riaoesdarily dOeOrre^, tinCi&hNHB2her a 'flo^ie^ 
sponsd is possible, ^Idh nKay take jntosioboiiht v^bus 
cBusesbf the^'Q'ifioertng^vemi:'^ ^ ^ ^ • ; 
UQQXl Further aspfiktis arid edvahtaigee of m)^^ preisent 
Irr/entldn shall be better understood from the loliowing' 
detailed descHptlbn. which makes referenice to the'ffg* 
ures, In Whbh: 

Pig. 1 shovitt en ernbodlmbht Of an bverail ^odhtiol 
- prbcediTO^ epplyihg the detid&^n method df 
the preseminvetitron; 

Fig. 2 '18 an e^planetory- diagram for describing' the 
concept of window-bascKl flc^ corirtrol; 

Fig/3 ie a graph for i&xpialnirig the Bdvantages dt^e: 
; present invention; aind . ' ^ : 

Fig. 4 is^ an ex|iilariatory diagram for laustratlng a elt- 
• uattbri in which an ^kddisNe-^lay m'ery be 
causedlh adorthedlon betWd<in tvirb hdst c6rf>> 
* puters. • ■ 

[0028] Although the following desdrlptibn'will beyer^ 
eral.iy diredted tc^a^ any comhiiinldifidttoh^ p>btocd 
that makes use of data ilbknowledgrmm 
vides a ti^^out feature; exaniplds Wiil'^ft^rf-b^''^K/eri 
that Tieilat^'to tHfif traffsmisaloh edntrbi :prtit'66^ 
knoWhtrdin the TOFVIP jairotdool aulte^^Tfv^ apipilciiftlbtir' 
of the lirsj^anf^nveinitlon'lo this prc^ ts 'a fifBfe'r^ 
embodinterrt; In order t6 e\p6ld ^riy uhheceslafy ^r^etl- 
tlon. the disclosure Inthe inthxiumibn of.thte €4^^^ 



is Incorporated into the Inventidn disddsure. 
[0027]^ Rg. 1 shows a partial flow diaigFam. AS can be 
ssen. Stap^t Indlbates that a^espohsisl pibcedure is 
entelBd; Fig. 1 does not Bhbwthe flow ebnirol procedure 
s- leat^g iip to this point; ks It is bf ho impartari<^e for the 
present a>tpiahBtlOil;<l^or'axarnpie, it rhay be-Vhe win- 
dow^a^'flow coma^ol procedure explained Ih oorihec- 
tiDh>¥«^h Fig. 2 and e.^. Well kno^wh fronrfTCP. It is only 
irti)3io'rtanit^br the Invar^tiOh thsft thare Is data acknbwl- 
ei^menf ar^d a data ib^ det^toh feature; such Ihlait a 
sending peer of the protocol haa thecspability of det^- 
ihg a 0ioaaibla oV petehtiai tia^^toas. and niay conduct 
a cdi'respohdfngfaspons As already meil-. 

tibriad; the. datk Idse'^iGleteiditlbn^feat.ure -itiiay e:g: be a 
time-out ItotuYebr a duplicate' acfcnowledgrnent de^ 
tldri'ffeatuire.:"'^'^^'^-- - •■ ^- 
[0028] Ih the exampiaof Ftjg. 1 , altertheYeflponse pro- 
cedure is i^rftered^ ^eleeted adapdve parameters that 
are usigd I6r the fidiKf bdnfi^dl are Stored and then- reset 
topredeteiivtif^^VaiUes ih S^ g2: As an example, the 
time-biit''pCHled ahd^or the ^bovei'df^flicrlbed cbhgastlon 
wlhdd^^are i^bh adapth/e n&w eontror parSmatere. In 
cohvahttbnal TGP/tKe'mhgastloM^lnddw Is typlbeily ra^ 
set-to a value of one segment and at the same tine the 
RT^d^ls ddUbiad.^n^liih6i3}dfoa H6lid thst hdt alladaiMiva 
pai^at^rB Lifii^-lri'tha fk^W oointral prbdadure rieed io^ 
infact'l>ebhahged; m^^bh-rkther bhiy aseleoteid hurinber. 
[WaS] Ateb; it shduid dtearthat tiie pi^sent-lnven- 
tibn isliaturany n'drt re^lrlb^'dib w flow con- 

trol and thl^^^dcicSed a^ptlvie parameters, hitich rath* 
erthelnventibn is applicable to ^ihy flow control principle 
ahdthe«8dbci^ted adaptive para 
[6000]'^' Retiirhihg tb FigV^ , the data urHt^iattriggerad 
the event (e.g. cauSM a tfme^ut) Is r#tran'sm1ttied in 
aiapK^. In bthoi: woirda; lAitf i^h 
of a ttrtW-ouif,:ihe<3ala'ijnitfoi''#hb 
i^'recaWad duiingthetlme^uf penbdisi^frahj^ 
Thbh^ at a later point it Is iSatenriined In st^&4 if an 
ecKilbvi^dgnient ais'abciata the retrahsmltteddata 
uhit has beeri'mcalved. This may'be a cumulsAJve ac- 
Icrt&Wledglfrierit or also a eingfeacknovviadgmeht. It tfiay 
be hbtba tiiat the dotted llnm in Flg. 1 Ihdlcate'that other 
stepiB hiay be' intetpmjiiad^ bt^ 
to thepiiia&brit InventnhVl^ 

of Fig: i Viri abbordahbeiN^ the preseht'iirirv^tfoii ets)F> 
S&'^et^rifiilncte 'lf the ablchovdedgmeht asaoclated with 
the data unit that was^i^^ 

es'tHe o^ginat traifisrriteidh'bt thb data iintt or the ne- 
trahsfhSliioWiflislioard be 
miasidh^ rinay already'bbmi^ 

"r^ti^jismEsalqfrT^ niay l>e tHe'ratrarismisSieh of a retrana- 
misslciri ^atc/. tMre^ litipie* 
irnieinftlnglitiip-SlSva^ 

[0031] If step S5 determines that the acimowledb^ 

nAiiitrh^'a^ Ih ^iaclchb^edg^^ 
of tHe datar »nlt;theh ^he pirobedurb gbes to 'step S7. in 
Which ^ dattf iiiilt' ibas reSp^ run, be<- 

caiisa ^e riaiattvb oiitBdrha bf the bedslbn step SS In- 
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data untt wa^ npMpisttv^^^^^ 

when lQKIng..f]!3^?a%a pJX>.lop.o|:.9xe^^ 

and thjtvffcc^^ Prtglwt^rbrjsiinlaajpn.. 
Oan ^ M80d b^lB tj^j^d,9ptln ;t*i9 ^b^^M|49^0di. 

[0033]: I^Tef ^>(y^ the. <^ng^ -^j^iii^Wo^^^rK^t.i^ii^^^^ 
p!y:TO«!>t:)t9.thi9 pr^yteMiB.W^^ 

liia value It would have asBumsd, hadtKe m^ppinfmp^i 

afinst iTiorte.TOrx$WJif?g/aA^?^ S3i;S4y S^,#nrt37i . 
as^waKI a#^a aei^nd.nn.i^ of .^^Sf, 

[0091^ {-v=tn-«r<ter to.i!ptt<?^c jaxpl^at^ 
jreTe/?^fi?».wll!$^^ to IflQ^ g, an 

example of a flow control procedure c^pc^^^Kj^H^^Jri/^ 
fie^lonvwffii ^^ny^^^ 

be. «efi^:1t!Ji flral fv>ri9 i|tfl$fi;i|||it8.;^ 
fher^ duai jp the.<iiisp,ff>c|J!DJi,isf^^ 
nie/Pii-d^ iun^^^wid.ti^^ 

(potsig - -jgjfjr.i^ Pfurpoa^ Qf-axRliEMip^ 

nmt:^ P^ dlarr^PRd. ah^pe^ ayri^bpte ;r»fi?^.tqt.^e!9- 

nr»^rtt?fc| gnjGl ttje jsi^uare »yir$i€)l$it9,aqk^o\^ 

ta: i4fift«*ill^f^,^ii?S)[in5^ byte ef! 

the fie9mdn|,:^vyh(^r^^v^^ iti^eMPiw^; 

unacHfw?wl^g^d.tM$| 

iridiQaifi)ft;at. a^q^n;^^^ 

adgf ,theaf |it;^4;9^f^ 

ar.-jiifprAe, thei^^ 

B.400 bytiee 1^) 

oontrary, as explicitly indlceted In the graph, thp.v<^9^c 
ment at 6.400 byte (t-lOe) ie a data unit or packet that 

iB pqp^u^j^pf afjdx^ -yiyi J[t5e: 6j4.(^ byt% l^yel . 

In Fig; 3 was couBed by .|;^^;^^.eiBaj^(a 
the^fhewo fl^p^KJhs^iteJeg^j^^^^ 
6lpn..ha6?YhQ .%>l!?i^ri9 nejatly^.^cplgajp^ 
[0030] For ona thing, it Ieaeia,|t9 aidis^^eiadjthjr^ 



putipadQrnrianoe,Yas the aame'dat^^fm tq ttayerseijthe 
epi!i;te^iir$r;cpnntfibting tpath^ wastes 
baii[cMd$i9*^titat\0puld. .b^^^ otherwise/been/ uaad for. 
ua^ful.i^^v Thki^egatl^^^ uence wQl oecun^n any 

s ii^oiqool.tihatvtaljStel^ responds: t& a tlnna^ut by: retmns- 
rnfjtlngjjvft^lataiunlt , .:^ 
[0099]; Kv^as 8h<w^;io Flg^;3f |1»TCPfvptipc^ uaed^ 
^eri :theri79act|(^h.orthQ jBend^ tImerQut 
not caiJ(5adil;^^49ta 

to gadua;tl)ia^andar:Jiylllr^r^ 

and abbye that reduce Its transmission rate. Thl$:ls ex- 

^M^; ■^.ftmay be not^d Ihattheabove tfeaor^ed^nie- 
OMt np^5$au9iQd Jby data^n^^ 
>9 spujrtoije/ftTie?^ 

[^Ijr /;A%lalap.shQ(wn^'J^ TCP 

th^Q:- scfe^ideF.fnisi^^^ ^cknpwipdgitwta a^ocl- 

ai^ql wttH retf^smmpA data^jnlte a^^^leio^tecs^ing tnp 
r«ti19^«mjp^li^v^ay^ ^thpugh^i^eaei^pHnpiyt^^dgmeQts 

inai^tn^nc^7>taaipna..--'v >. * '/...;.-.,•:• 
fOQ^vViatM i8 9)a(l:a^d|tlpnaHy 

the duplicate data unite sent by the sending .paer- will 
trigaBf .;ijMWci^%>apkripwledg^ 
^ pepn w^iiipbiww^^ 

mj^sk3nv%te,^.iha^c^ sprider,. nfltmely 

tha iWJijgegtlqn^ wljn ona half ol itQ pari lor 

■ •ValUe,'-r, f-i-^y:,^^^.-:- t<i^- -^.t. 

Wft^l-: fJhe/.pQfturrpnceof exqasjB^lyjpd 
90 bBypbd:W(hal^ ft^'Ep 

may e9papiaiiy ap|s^arin.wir^iasa>nptwarto pcd- 
te*5pi-ppnirip<5t(pe«.. p^ifrhhRh^at laapi a p^rt Rw^f^vftta 
wiretjp3w>Bnki- .invantppft bfjhe: pi»ier»t:appBcation 
nsalzi^: tl^it.;i»pu.FtoMa.w|li!ne-PMt8>'^p often . 

piwgfeilfia.M9K;natwp!ll<iii^ parfonnanQe 
df^ad^en. t«aujt^^ thls^ll i^ow bflefly^e 

■ .rri^ntiprijpdj -y.- ;:rv.-'.v^/i ■• • -; .-.y.- 
{OJ^I ;.rF%.:^.a^ aiaitiiatipfi, where tv^ 

putare act as peers pi iheMt<f^ {iod^ciktad by the long 
4^ airpws lnp?Ti hoj^ ll? ,t)pi?t .^^thp^j^Oin #rid,top jrtf. the 
figy^)^ Jhp jffliw9ir.pr^^^ a raciio ijnis 

o»9r ^q^fas na^yorf^i^ 

npfctlpnlias^ 

not ptlQ!ivr]>'Af).p^^ linlcie. 
^ ^ctPP^ieel ^dlp :M:<?pnjti^p^^^ Ap Indlpet- 

efltin Jig, 4.!;bQi|h4bf limna^ TCP) 
aod:lhaJij5fe|aya)^f>r 

tornatl$'Jl^^r4>.ps't^ rneans 
ijhal Jfh^i^.-PfPIP^IS: b^h jrr^pir^pnt titnprput . arid m*. 
so tranori?i^alprji^r^lj^n^.vln 1^ dMje^ 
th^.Agq J3p1og;4«ad#t4 



vi(hUe:..the.Ji|i^^ diata, ;!ha ..Ifarispptt; 

ti^risnf^il^ler? tinw afHiriptua 
ii(rH/i!^v^,^^^ bo 
duj^p.g. tp tiia^aniiisaipn:^P^i>ir.lp 
.of.-^ I%anjdpyar^v- v ?•..■, ■;'>.. ; . / \ . ^ 
(0Q4B] . . .It Ji!iay ala.o |»e :nnttachtha| ^anprolsslon de- 
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lay over the wirelass network is ofter»*^ eiDniaKi^rab1& 
fractfbn oT4h0 end^to^nd dalay betweien'th© 3<ettdiher 
anci receivligpeef of 'the transport teyerfirOtoioel If In- 
this case iha bandwittth available to the transport 4ay©r 
connection Inlhe wireiesfi nfetv^ork cir<>ps coftsldftrabV 
over a short period of time, the resulting Increase^ln thia 
end-lD-ertd delay betweienftto tr&risport layer sendof. 
and receiver might learfto 8pirrlou8>tlnrio^tB/6xempies 
of t>andwfdkh drops indude^tibUe hosts eKeoutlAg a 
handDvdr into a cell whldi provides lese bandwidth th€(h 
theoJdoell. ^ - ' ■•• ^ i^^-- r 

[f)04e} As already Indicated previously; whan enriptoyi 
ing thief present Invention ; the problem described Irf^ort- 
nectlon with Rg/S can be^dvoFded^ Wore specffitially,^ 
wften applying the method described in connection wim 
Fig. i wme problem m Flg. 3. then the sehdihg pieSris 
capable oTdistlnguismng batv^eeif aokhdWiedgnien^ da^ 
ta tihlts to the tfrtslrial iransnrtlseidn bf a data unit end 
acknowledgment data tiftne to the fetrahsmiSslotl'^f b 
data unit; From this WorTri&tton;tlie serid 
If a spurious time-out has occurned, dHf #»Wif© 'indeed 
has beih a loss of a data unit. The isendsir can then Sied 
eccoraingiy. • 

[0047] More apecifiballyjn the e>e6mp1o 6f Rg/3. th6- 
aendef usrng the Invention vtflll be eble td Idemify the 
acknowledgment data unit received having 
trensrtillttfd the ehdwn fir«t packet grtbelng^ 
edgment for the orlglruil transmission <t=1 Os) and fiot 
forthefrtrartfimlseiort^alSfl). Due to this; the aeiid^ 
will pdrfbi'm an apprbpriate reSpbns* procMufe tb the 
excessive delay, namely iibl relraiiifi^^ Ihd -data units 
follcwylhg the first retransmitted date; ufilt, flhd dli^o not 
decrease the transrhlfislbh rataij rhiach mherflHer^dhder 
will increWs the time-out period -ehfiployed In liie flow 
control oh the baste dt the miasurieid delay i>etween ttie 
otiglnai^sendlrig sf -the data urrtt and the -roce^at of the 
corresponding acknowfcsdgrhent data unit for'eaJtf Wg- 
inal sending, fti this way. fUrftier spurious retrariimis-, 
slohis and tlmtf'duts pan W-'aVdldedi ^ 
[0046] As may be e6en; the pireeent Ir^Venttoh c^^ 
pable df providing SrlhschBritenrtthatallbV^^' aTrtord^ltex- 
iblecdhimiinteatteh system v*€in=^ a pYotddol that 
provides acknbwledgrheht of data and d.tirnekt>Ltt func- 
tion or dupllcaite abW^ledgmont detection fuhCtibh. In 
thd'e)i^inple justdoscrlbed.-the appilcatlofi of theinverv 
tlon Is capable of qualifying a thggsrtlfig e^^ dia^ 
tingulshing between at least' two dlffer6rtt cauaes; arid 
than cap^e of IhvoWnff ari^epprefc^rtaittf respbnse pro^ 
cedure; It nfa$^1M rwted^^at In th^ abdvte exahnptesthe 
mode* fdr adaptlrig the adSi^thto pf^^ 
aoclaied wnhdaia unnidsirontheicrtie'haWd and eiciees- 
elv^ vdolay oh the b1*ier/bijt naturtilly the^pllcdtioh^ 
the p>^ht Ihvehllon is by no hieahd restricted theittto: 
Much rather, the i^ode^ for adapting the adaptive^ pa-- 
rameters rhay be associated vvlth any r>ossible cauaie 6f 
tlmeK»^ stents or duptk:ate abkhow1^jp^ 
[00.481 In the exarnpte described in Figi 1 ; It waa de- 
cMad in step se, vi/hlch Im^leifnerttB tiia praisent fhVeh- 



tlohi W the ackftotfirtedgmienti'daife-uhlt assbclated with a 
given data iinli ackndwledg&d the oflfllnal trahsmte^n 
or the retransmission of '^W-ghrefi data Ohlt^^ Acoordlnfl 
to a tirst prefen-ed^^eiiteeairite 

5 stepinhfelsender keeiw a record>"df the round trlptime 
PTTT aaibolaled Wlth thet c6nnefiUon betwew sending 
and reoehrfngpeer; andespedallykeepsarecordof the 
shOTtestl^n^tourtddurtngthecdnn^ up 
toihe fAiint^ time-urider consideration. Then, -tf an ac- 

IP knowiedgment data'iinlt f oi* a retransiifltted data unit \^ 
received within a time perlisa that Wartniallei?.*ah a pre- 
deterniBrtedf racoon df sakl ahortestfrnr.ihen the aehd- 
ar datamalnes that thte-acWfOwledgment belongs to the 
original transrhlssloh and not the felranatildslon. Thia 

19 fraciton may be setto a fixed vaiuo, or fnay itself be an 
adaptive' parani^tdf^ Naturally. It tt nb neceissary that 
the cortiparl^rt valu^ Muitff^led Wl^^^^^ Is the 

shoneat iiieaiiured Fm", mtidh rath^ it is ato possible 
that ttio sehdor -keeps en everfeige^^^^ In this 
sense, the cornparlson value to-be rtTtiltipitod t>y saiid 
frabdon is^geh€Fraily<a'f iihcttdh df one or mote Htt^ah* 
u^s meaatited In wa Coufse 61 the oonnectlori (during 
the^satibfOv^ ' • ' ■ ■•■ 

[0060] - Adcbrdlrij^ td another preferred embodlmefit 

^ for Implementing atep SSJ tha oerider adds a markio 
data unfts that'lt^ehdSi^h^ard *ald rnark is defined In 
suoh a^aytfmt it eilowsto d&fihgUishbdtweeh an orig^ 
Irial trartsmtesiort «hd^ iretrarwrfii««k$ni Tharr; Hie re- 
ceiver can accordingly mark acknowiedjgnftent- data 

3i> units; auai^thet the sehder Iscep^ ei" 
acknoWtec^«i*it refers to *e original transmission or 
the«t^^lWfel6ri.=^ • 
[0061F 'T>i(fi marking of deaa uitlts-dah bexlortaVi any 
desired wiV-Tbr«XBiliiplei1t woiSkUrt theoiybepdWIble 

* to slnipiy deaigrtatB a afngle bit' In VhS data Units; WhoW 
a:vaiuedf1o%bUld Indicate orl^nai IrarVs'miealolfi and a 
valde 6f 1 a 'retr^irisnrils^brtr or >^ ^rx a general 
sense, a bit etrlngi carf be clSoaen that may ateo eortvey 
aonn^ rtble Infori^riatlohi Hdwiewer, In conrteCtlon with 

40 protddoia tiNait provide for siidh an optton, It is jprefeffad 
tb tise th^ time fitartip dptlbri. This optten e.g. \vell 
kndWhIdr tCP/ebe the Bbo^ hnehtidnitelbebk by W/R. 
Stevens/lii dther Wdriasi « W priefetred td^lndudea time 
stamp In serif data units. Which Indioaies when the data 

^3 uhit^was aent The redeivercan'theri simply Indfcide the 
eamo time etarhf* In Iha SokrtbWledgnient data 'lihlt. so 
. that the^dndertias a tirifque way of IdentffylnglhB^data 
unltA lb whk* the acknowledgri^ 
[p0S2) "Further dvel^ll method and system embodl- 
mehtsiV ' • ■;• 

* €1'. A it^odW^'cdhtrtinr)! data utilt oriented 

* bbfhmuhfealibn beip^ A aarider and-^i^ receiver 
'dperatir^ In ac<jprdariefe wrfHa predetermined cdm- 

5S 'irrtUrtlcafldh^prbtocoIj-'Where 

' said sianaar dh^ida^ an 'amourft of data to be sent 
Into one df rnore data iinlts having e structure da- 
-leitrilnewd by saedd pioldfioL 
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saldnrecelver ac^noyirledges Ihe ixfiredt^o^^ of - -by the loss^f vsftld'glv^ datil ontt, and eaJd second 

derta?iJnteby,mtumiriga£3knowle^^ . . tTiod©:fae1n^|^^ticfc^ 

^toi^aald sender; K . ; : .:j vs : v o.^>^^:>'; J^;^^^l«ofndatttAiFrttorth«acia?it>wl«lgmenM^ 

iBaW deta Onlisr are 5 adcord- -.^:«flld'fl1vbn dam uhltlw«.^ exflboselvely delayed.. 

.• .iance:wlthaflowwntrptpr^adur^^ s ;v7 .v't:i --'^:;:-ry'iv- v.'i:;p ? 

ba6l8 .or cneor mo»^ad«4^ E9. A method according to embodiment EB^ whe^ 

• iadcnowtedgmemdat^unftSpiand v^ .^v.^^^^^^ v Jn-sald sender: mafkadete^untob 

said flowrcontrbl prpc»aure^conprisiB5.a-^ an original transmlsdtefi^may bedlstlngUlshedfrom 

detection mechpnism capabte of detecting data a retran«rr^88ion, and said receiver corresponding- 

: loss In said opmmu niipatlo.3, «ald.dataiosft d^edtion fo . : maf1»:theTM*nowjeilgmerit dat* unftcr such ihat 

mechanism heli^ trtgfiger«Hdio IndlcatetteptttentiaJ /.. -.^e ackncwJedgmeitttbf atr^gjfwlly sent data.untt 

-Joss of;daia:iDy one ormorecpteddtBrminedevehta., vf/m^yitsd^lsbtgulsNedf^ of 

: wherainr^ ! ^i^thfrnptrafismiaelOF^bf^ti 

^" -'vCtetedtipn'-meGfa^nlsm:^ -^rcv vi^rj/ir^^.-/.::-:^^;-^^^^^^^^ v.- - 

:.. .p4rDCe«br0 ismridupled,7 8ald rflsp^ r* / .vE10;:«:^ ihfi^ 

.campilslngatleast twQdWmnt cn^e6^or:adi^ wterein tneaende^ 

said ona or more adaptive paramctere. >; -4 «nrie.etarfip In eadhisiifcdaiarunrti^ealcj tJme stamp 

Indlcailrig the time saM data unl! sent; 
EZ/A method accordfcigtaembodlmem El recaJverrnarks the acknowledgment data unit for a 
. InieaW data4osc:detocttonjfhechariiiam iea tkne out sef: = reciaivedtk lncludlnfl»the<tlrne ^arrlpcon- 
; mechanlsmi^sUfC* that aft#ra^lvon data unit ls>sent, r ^ ctalnedlrviiald received data-URltHnithecadknowledg- 
. saktsentibrmoflltemadme-'ou^^ 'v^mdnt date iihtt for eald 
*"::;;knoivirtedgiment .data unit cussoclffbd wjth'Sfdd^t^ v.- ... .-.py L:v =:o>?;-*; '..^^r.: 
data uhlt^ roGoMad bclw aald.lfrtia oet period ex- . ;; - Elt. ? A "method: apeofding^rto .embodli?!^^ 
pic^s, said^lmewJtniechartlam fe l^^ 25/ . rViiwherelrrt^ tonc^ 

. bit string In each sent data unit, aaldMatFtngliavIng 

E3w A^ethod aoodr^Jng tiy;embQdlmem E1 , v^Hfare* at least two different valuea for distinguishing be- 

In aald data loss deteellpn mechanism is adufilleate • : vtweWi^^^n iidrigihal transmission and a: ratmnsftfils. 

.8okDDwledgmelf^dat«^n.r^Mh^^ ^Icn^iand thflf-receiv^ ro^^ 

:sald<««idernionitDrB:4ii^ so rV.deteuiMf^foivft«^ bit 

merrt&^andrlf B^data^ynltls acknoWle^^ . • i:etring^ohtaJnetftn;ealdrecB^ 

... tennlned.nUfflbeifitjf timie^^saldiiapllcate^ :c-^know|edgmentdatatirilt-^BaldreceK^ 

^-sdgmontdatectlerrTOechanlsm-te^riggeTedr- •: . --^V -i^/^-j^.^'Vir'/i.^ •v'x 

.:'^.:'- :^-''^\iii-y v:^ :.-= --n^i V- ■^^JB12.--A .nwthod' acoorettng- to^«mbodlmant ^11, 

E4.: A mettiod.aeCoFdlng to ernboeMment eg peES, ss whe#«ln.sald:t>tt string :c^|!il8taof a sMigle biti. 

wherein 8ald:fe^pi]tfi&|ftrocedtjreoorh^ ^vvn ■• ^/ ; •r::..^-.'; ^- • 

. ti»nsmissipn.of «ld:(gK«sn:;dato iinit,^.^^^^ vl«^rji:A.irtiettiod aocpfcllrig to: ^embocHment'EII, 

• ■ , ;:.>=^v^-:^^^/.'s^r•:::!v^•••^n..^:^i^^ •r.-A^iV ' ■{} r wherein: said^bHatrtng^dnstets^efeplurallty^^^ 

£5^A.i«)etliddaccoj€ingt»eiiibodlnism €4, where- ^ -wch tiiat7saldvblistHngvi$ jsap^ 

•.:lnvthedeci]«'onOn;Whlchofisaikiat 4C betvveen different retian8mtS8lpna>T'. 
V f.'toi choose for adaptlr^aaidad^h/^ 

^ madBfonithetaslft^one<br nF»xare tok^ >.^^ E13/^A.nrieUK)d acconding^lat^ E11 or 

data units received by said aendorBflefihaying re- ^^ rfiia^^wheraMnieald^^first moii^ 

transmitted said given data unit . iacHnovirtedgmentdata unitte^ 

Ee;ATnethodaccordlng*o«n:UBOdlm where- = .rted^eaid givieir data'^tintt;.aGlinQwi^ 

in said time-out perfodis on^ ef sakJvadaplivepa- x^Jmissien^of^dsgtven data: unitivandj said second 

V .:■ ?•.:-,=':• vv^ . l... -^^v^ ^i>&nltW8pclirtodwllh;sa!c?;gi^ 

• ' E7.'A nrksttiedapoordlng^o ona.ot embodiments E1 so- f . icelvedriaiftef^hf^ngc^^trahsrTUttad said giventdata 
: V to €6, wJjerein «^ itew^contra! procedupe ^ win- unit acknowledges the original transmission of said 

ci(w.<besed; end one dF<rniore.ttpw<^^^ v ;glvon data unit v :n - : 

".-areiamong 8Bid-adaptNe^parame1)e^8i • >..Vv . ^^^i-- . 

v*;.:;^ •: v;;; - /; :■i^^;'E14tf:^•A^^raethqdl>aoeor^lnB -to -embodiment ■ EO, 

E8. A method according to embodiment E5, where- vy:Whef^ >:.^^:;;iIi4.^ V .r- v . .. ; 

•In saidi^etTtfsast two tnodas.:oonsist d^^ s thesenderfMmureWtfis^oundtri^ 

8efipn^mede.sB]dlirBtfnodebBinga8s06i^ yj^v^hithe connection safd amount of 

the Judgment that the triggering eventwas caused -^ ^^tlaiav*-. ^ 
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tha time betwddn the retmnBrnbsbn or said given 
data unit and t}ie>recelpt .ot the::fin|e acknowledg- 
ment data unit.aseociat^dwfth said .given data-untt 
to determinad and compared to a value deciyedtrom 
one or mora of said round trip tinie meaaurementa, 5 
■ and •• -i.^v- : '- ■■>■ A -\ 

. saidftist or.e€|condmpde1s ehcsei]! qn the basis of 
the resuit of said comparlaon. 

• E16. A metfiod aceording to: ecnbodiment « 
wherein said value <!ertved from fiaiclround>trip time 
meB^uremcnts lathe shortest round trip time forthe 
connection, andthe second mode ls chosen -^if^sard 
tbne between the retnansmlssion of said given data 
. -.unit and the receipt of^efirstaeknowiedgmBntda- i^ 
. taunltasBOCiatedwfthusaidgiimitdataiinitisemB^ 
than a' predetermined traction" of said snnallsst 

• round trip time.- r-iv' • 

. Elfi. A method aqcording to one.otvembocllments ^ 

• E9 to E1&, wherein the second n*o do comprises 
adaptlngihe time t>ut period on therbaaie of the time 
that elapsed between the original trarMmleaion of 
said given, data imit«i>d the receipt of the first ao- 
knowledgment data unit assoeiated wlth-sald given ^ 

;dataunit. 

€17. A nrathod accoi'dlng-to on ei of embodiments 
€8 to Eie^whsrein the fiow^control procedure is 
window basQd and a.Mng«Btien windew: lei used, ^' 
where the veiu^ of aaid ^qingedtlon^wlndQW at the 
. : xkm of said triggertng event Is'^dred after sai*trf g- 
ger^g event occurred and subsequently said value 
of the (ingestion window. Is reset to a predeter- 
mined valuoi end if said second nnode la ohosen at- 33 
tor having received the first acknowledgment data 
:unit associated wtthieatd gh^n data untt» saidVaiue 
-6f said cdngMtolfi:.wtadpw Is set-to. the value it 
would hBve asfitimed, had the Essponsa^prooedure 
not taken place, ■ • f -- - ^ 

E1 8. A communlcatipn device for data unit oHehted 
comrhvnicatlcn in accordanco wlth^a predetermined 
*c6nnmun1catlpn':prptocDK xwhere aaid convnunica- 
tlon protpeol'presonbee^at the sender :in a com^ . ^ 
munictf toit^tflviddsahamount Of datato t>s sentintp 
one Ormbre data units having a sthJOture' deter- 
mined tr^ seldproloool andihe receiver InaakhBom- 
municatlon acknowtedgesvthe correct receipt of da- 
ta units tiy returning acknowledgnnsnt^data units to ^ 

■ ihe sender;- ' 

where said eommunieation device, when acting as 
a sender, is errenged to send data unite In ecoord* 
anca with a flow contro^prooedure that lecohducted 
on the basis of one or more adaptive parameters ss 

. and said aetaiowledgmahtidataunlts/--^^^ ^ '^^^ 
. said flow control procedure comprising b data loss 
detection mechanism capable of detecting- data 



: loss In said communioation^aaid data loss detection 
.\ --mechanism ^eing trlflgeredta lndicate the potential 

loss of data by one or more predetemiined events. 

•where in response^to the triggering of said date loss 
. detection mec^a^ism a corresponding response 

proceciure is conducted j said response proosdure 

comprising at least two different modes for adapting 
^ said one or^nore adaptive paranr^eters. 

.o'''- '^'' ••■ ••' • ■ ^ 

■ Et9.^!A-device according to embodiment E18» 
/ whei^n said data loss detection meohanism la a 
time out mechanism, such tiiat after a given data 
cunit Js sent) s^d si?|ider monitors a time out perlod 
. and if no acknowied gment data unit associated with 
. fsald glven data unR is received before said time out 
-^period expiree, said dme out mechanism Is irlg- 
gered. 

/ :E20. A cte vice according to ■ embodiment El 8, 
wherein said data loss -detection mechanism la a 
duplicate acKnowledgrhent detection mechanism* 

.. suc!h ihat said sender monitors the Teceived ac- 
vkhowledgments, and If a data unit Is acknowledged 

: . d ;predetemilnedi numb&r.of tirnes, said duplk^e 
acknowiedgment detectionme^ianlBm Istrlggered. 

> :'E21. A device aocoirdlng lo embodiment E20, 

'.^wherein " ^:• 

; aaM device when acting as a sender ia arranged to 
'-dividesakJwiountofrdatB intoa d^inedsequence, 
/8Bid;device when acting as a:rece1ver is; arranged 
. < to tnonitor the^^order of received datia units In temns 
of saldwquence. sueh^hat if data units arecorrect- 
ly received that are out of order, the last data unit 
; conrefctlyvrecelvad In order Is acknowiedged for 
each recelpt^of a data unit eut of order, and 
said duplk;die acknowledgment detection' mecha- 
nism is suchthat after a given data unit is sent, said 
^ r; sender .monitors' the sreceived acknowladgments, 
^.'i^iend'lf the.data unit^preCeding said given data unit 
Is aeknowledgeda pr^etermined number of times. 
>wsaid duplk»te acknowledgment detection mecha- 
nism is triggered. . 

E22. A device according to embodiment E10 or 
>^E2ir«ttiorein said response prooedura cpmprfses 
K thetetransmiaslon of saki given data unft. 

E23. A devlcB according to embodiment E22, 
'■'r Wherein the decision on wtifch of said at least two 
"- modes to choose foradapting said adaptive paranv 
V eters is made^on the baeis of one or more acknowl* 
edgnrient data^unlte received by said sender after 
having retranamttted said given data unit 

^E24; A devtee according to embodiment El 9, 
' wherein aaid.tlme out period is one of said adaptive 
■• -'parameteFB. • ■ • 
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v;E^5. A devica flccordihgi to. ono ofvembodlmants 
El 8 tp: E24^whersinj aQld:flow. control;proc^^ 
wlmjow>i5ased.;.antf.pnaripr m win- 
dows Are among said. adapth^eparameterB. .. 

e26i A ■.dovlce^.r^cconjing' to :«fnbodlm©nt^.^E23, 

whfirdin .6aM 0t>iea9t two. m 

and ftis^pjid mode^^ald'tlrBt fnodaigeiing auioci* 

aiedw^h the judgrrient :U:^a« thetrlg 

causadfby ihe lose C3f salcJ glvenydma^init; and said 

aecond mode baing aasQoiated wldr^th^judgment 

that said given data unit orthe acknawtedgmantda- 

iaiinlt for said'glven data unit haa been«xce9&t/ely 

^delayed. ••• .y - . • - 

E27. A device according to embodiment E2B, 
whe/dinsaii^deytceiwhbefy^e^l^^ martca 
idatftifhfta being sastisu0l)^K$t anioilglnaliransmia- 

.:alon nriay : be difiilniguls)>ed fromi::H/eir«n8fiite8lofi, 
arid ©aid deyieo ,wh<9(.n::*fctln asr-a reKPelyor dome* 
QpondM^gly'nidiic9 theaGl«?cwied|^ unlta, 
such that the acknowledgrneirkto^en odglnally aer^ 
data unit mpy be dtstlngulehed frorn the eicknowl* 

-•odgmem pfthp Totranannlaelon of sel^ data unU. 

A.;deyiQ0: fpeeirdlng^to^^^^ ^27, 
wherein the ddvlce when acting^ae Mender nrtarke 
data untta by Including a time stanup In eatih aent 
dota^untt, aaMtinrie 1^ sBtd 
data; unit waa sent, flind th^ clpvt^e When QCtlng ae 
a receiver mart«».ilje flitd<f50W!ftdgrnem^«^ uirit for 
a . received datavunit-;by Hncl4idInfl thp-.tlm^B: rtamp 
contelned:in.«ald.fapelyed:data^M^^ 
■ edgment data unit for aald received dal^a unity 

E29. A , device .^OFdlng* .lP^:«i*lbodlnr^/^^^^ 
^eramthejleVict-wJiion aiellns a^ a^ 
data unfta b/lRcTu^ng a bit atrirg in each aent data 
ynll-sald bit atrlijg*^ 
tJBeitoFdi9tlngwi9*iinftbejW9©n{an«ri^^ 
alon and a retr^nafrOartanvarvd 
Ing: eft a twelver rnart^k ihe.ac*nowiedgmem^^^ 
unit fora repelved:lta|aii!inlt*3y.lnclud 
: «nialr>edinsal4iweJ>^ acicnow^ 
edgmefit data unit ^lor said feo^Pdidate Urrft 

E30. A device apoofding to ennbpdifnent -^6 or 
e2gi>wheRein::eaid fln^^riode 4a phai^n tt^^^^ flrat 
acslgiowiedgmeni dal^Mi^itBea^^lat^ 
.«n dota^nttthat la,t»Gelifle.dAnei>:haylngi»trffn«n 
•tad aaldglv^b^ete uoB «clcnpwte*ea^^^^ 
miaeion of .aali!i?gl>fl?n data un!ti^and i6Md:,««oond 

, , mpde-bt .oho#.efi i> iHeJli»tv«*D$?WliXla 
..gnltaa»o«*rte43l^ea'ld:gi^^^^ r»- 

.\ ^salved afteix^wW'i^ttiinjjmitte**^ 

. ,.ijn«aclmpwiei«oe^i^«.prtginiam 

. -• given dalta unit - v. ' .vo'-i 



"46 



OQ 



75 



40 



E31. vjA- :devloe -B^ ESS, 
-^wheRelric^nv '.- •;■ <■ ■ \ •■' ' '" • • 

. vifthk'djeyiceiwben acting .as a^ender maasure^ the 
n>und trip tlma esaocjaited with the connepHon for 
aending of aald amount of data, 
: .the. tfrnabatyvtean the i^atnansmiaslon of .aald gNen 
/r;. >H data mil: aid -the receipt'Of >thfr tlra^^acloiowiedg- 
.iv'/i:s5«wadata inrt^^ 

ia detenrr^lhed-aiidcompa^dtoavaltt^ 
one or HMre of aald round trip time nrieasurementa, 
^r^^^{and "y^K: ■■ IC/. t. • ' ■ • 

-aaJd^r^^ ie chosenon^^ baala of 

the result of :eald comparison. ^. 

devicevfiuKordlng io ^ambodlment E31, 
Whapein;aai5^vaiue dei^ved fwnsal^found trip tinne 
% tneaau remerits Jatbe shofteatrao^ t>ne fcr the 
connection, and the seeond'niPde;ia <;hiQaen If aald 
linie between .the reirB^rhiaalon of aaldglven data 
. unit arid4he#6celi>t:o(ihe firBtacknowfedgmem da^ 
ta unltaaaociated wlthafUd^jendetai^htt (aamaller 
than a predetemnined fn^ctlon of airid amallest 
■> :reund tdp .ttme. h^' v* * 

E3S. A device acoording to one of eni>odIment8 
\fB^xoM9&*yf\^^^ onodeyCoi^prtaeB 
: edap'tif?9:the time putp^riod;on tti!^ bacla.:ottho tinr»e 
thai etapaed baftv^b:'lhe rprlglnal^tiw?^^ of 
aaid given daita unit and tha receipt of the first ao- 
«.':.lcnoiMedi^eritvdaite 1^ aeapclattld wpth saidglvan 



itinlt 



'■■■iii 



. £34^ A4evJceaooordlngio.oi!i0 oteri:43!(^4!menl €26 
i to ea^ rwher^ln therfb«< <»nfttpl)pFOce*^ 
;< dowbafif^and^congf^ion^^^^ 
4ithe -value #f aald 5:ongeetloh.::Wwidow at ^^^^^ of 
;^d;trlgge4TO.evjent:le|ft^^ said tri»ering 
event occurred and aubaequentiy^l^ value of the 
tspngwtlfi^ windpw.la f<W86l to a p^ val- 
. : ue, aiid^ if,sal d-segpnd i!TtQde^:Cho&en H^prjhavtng 
.^reoelved^th^Hret acl^fiewiedgitient d^ u^ttaaao- 
:cletedvwthxaald^^>^o/^i«te^;^^^^ 
> congestijon.j(^ndow:le.eettp:tfto vftlui^^ 
:r^aur)()$0vvhad t);ke:i^o.nae, prooedure not taken 



CMmm 



1, 



55 



In a data unit oriented cornrniinicatlpn between a 
. .qi9ndet^a.ndia>foeeIy!BMn?a^ aprade- 
teirntnedcomnruinbaMon protocol, «^ere«p.id.oom- 
munioation protocol preacilbea that the aander in a 
,?a?n?mMhipBttonrfividee^^^ 
intponc^Qcm»ro-^ata4ioi|?j andithihirft^ 
oomnxi nicetion acknpvv^acloeii-theop.iTapij^c^ of 
. data unite by returning acknowledomant data units 
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:a mathpdof detectino^h^ther an eoknowleiflgment 
data unit received by sender correspond^ td an 

. criginat transmission or a retrarismisBfon, compris- 
ing: • - .\ ■^ . ■ . ■; 

: sakJ sender adding a mark to data units that tt 
: sends, said marie ibeing defined In such a way 
that ft allows to distinguish between an original 
transmission and3- transmission. : 

said receiver correspondingly adding tha^mark 
received in a datai unit to an acknowledgment 
data unit for said raeslved data unlt, and 

aakf sender detenninlng whetfier the received 
aclcnowled^^nt data unit Is associated wtth 
ah original transrhission or a retransmission 
based onr eald mark. 



21 The method of claim 1 , wherelnsakrmark to a pre- 'so 
determlnedbltstrirtg. : 

9. The method of daim 1 or 2. wheneln said mark Is a 
time stamp. 

■■■■■ . \ ■ .-. .V V. 25 

4. The method Of one of claims ^^1 to 3, Wherein said 
predatem^ihed cdnnrtiuriloatloh protbeol )s the 
Transmission Corttrol Protocol. 

5. Aeortirhunloatiohdavto^fordataunllortcinted'eom- ^9 
munlcation In accordance wtth a pred^entiined 
communication protocol, where said communlca- 
tiori praftbdDl presoribsB'th[S(t:th& sender In^a^cpm- 
muriiomton dMdtfs an amount of data to beaerit i^^^ 
one or rriore data units., and the^iieceiver In said S5 
corhfiliunicatlon aoknowl^dgeethe tonect receiptor 
dats units by returning acknowledgment data units 

■■ to the sender; v ^ v .v; 

Whersi^naidciommunictftron device Is arranged such 
thatwhen acting as a Sender/ tt adds d rinbrkto data 40 
uniCfi that ft sert'dj?:; saldmdFk being definod In such 
a way that tt :ariows to distinguish between ari' orig- 
inal transmission and a reti^nsmiaaloh ^and deter- 
rhbies Whether a -^Slyed^ajclufiowledgmdnt data 
untt Is assodatad with an original transmlaeibn o r a 45 
retransmission, based on said mark. 



a. The devM of claim 6, wherein said meirk la fit pr^ 
determined bit string. 

7. The devlcfr of aaim 5or«^ Wherein sald^ricia a 
time stamp; - ■ ■ . ■ • 



so 



a.. ' The davibe tif One of olslms IS to 7. Wherein said pre- 
deternnined tehrtmunicstlon- protocol, la the ss 
missfbn ContrdI Prttocoi. . . . . .. 

9. In a data unit oriented conrtmunlcSLtlon^betwden a 



•'sandarand a receiver 4n aocordance wfrh a prede- 

- ^termlnedoonmunteatiori protocol, where said com- 
mutilcatfon rwotocol prescrtoes thatihe sender In a 
communbation dhfldea an ampumcfdata to be sent 
Into one or more data units, and the receiver in said 
^conTmunbatlon aclcncwiedges the conrect receipt of 

- data units by::retuming acknowledgment data units 
r ^10 the sender, a method of detecting whether an ao- 
'•i icnowledgment data unit received by sald eender 
r-^corresperfdfftto an original transmission or a re^^ 

tranamlasjoni comprising: 

the sender measuring the round trip time asso- 
ciated with the connection betweensaid sender 
and receiver, 

- detamilnlng the timd between a mransmlsslon 
of a daia unit and the receipt or the ftrat ao- 
: ^^ knowledgmerit data unit aasoctated with sakJ 
'dcto unit and coirqsiBring said t^ to a value 
' 'derived from one or rnoie of said fpuhdtr^ 
•••• measurements, 

^ detemilnjng wh ether thtinecelved acknowledg- 
ment data unit Is associated wtth an original 
transrr^lon or a retrar\smIaalon based on said 
bomparbon. 

i o. Thd mathed of daim 9, wherein said value derived 
- ' vfrom saJd round trip 4lme measurements is the 
ahoiteBt mund.trip time forttie connection, and said 
' leciSl^ted fi^^ iB determined 

lo'^be assoclatecf with' a retransmission If the time 
betweah the retransmission of said data unit and 
the receipt of the first aclmowledgment data unit aa- 
sbi^lated ift«th*aid dat^ unit is smaller than a prede- 
termlned frectton of aald round trip time. 

Itv A coiTfmunlcatiofi devieefor data unit oriented com- 
• munlbailon in -aooordande wtth a predetemiined 
dDittmuhiOiamon protoool, where said communlca- 
' tlon protbool prescribes thai the sender fn. a com- 
■ muhieation divides an anfioum of data to be i&ent Into 
one or more data unfts. end ^he recetver m said 
oomrnuhlcanonacknowiedgeB^the correct rocelpiof 
data untta by returning acknowtedgmem data units 
to'the-iseihcter.-" 

where eaidcommunication deviceis arranged such 
that v^eh'adihg £tt a 'sender, It measures theround 
trip time'as^oaated .with the corin«»clibn behveen 
tald'eender and reo69vier« determines the time be- 
^~ -twefena nstransmlss|lon of a data unit and the receipt 
• dfr-the flrat^i^knowiedgmeht data unit assodatad 
Wtthi^ld datd' unit and'corripiares said time to a vsJ- 
Ui^ dertVeid from one or moitetjf said round trip time 
meaiMjremerrts. arid determines whether the re- 
ceived acknowledgment data unit to associated wtth 
an original tiansmlasion or a retransmlsston based 
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on said compariAon. 

12. Hie device of cteUm 11 / wherein said comrhunica- 
tion device Ifi furtheimore arranged such that 8eid . 
valua derived trom eaid round trip time rneasu^ ^fif. 
ments Is the shortest round thp time (Of the oonntec-^ 
tion, and said received acKriQwiedsment data, un 

{$ determined to be associated with retrahsmis- .... 

sion k the time between the retransmiSGioh of said I ' 

. . data unit and the ractMpt of the first ackridwl ^[i- Vv;. 

mant data unit assodated with said data unit is ■ - :^ ;]:/■.* . 
smaller than a predetennined fraction of said 

trip time. . . ^- • • •■- •*••-' 
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